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Taking into account that the scalar a0(980) can be dynamically generated from the pseudoscalar-
pseudoscalar interaction within the chiral unitary approach, we have studied the single Cabibbo-
suppressed process D+ → pi+pi0η. We find clear peaks of a0(980)
+ and a0(980)
0 in the pi+η and pi0η
invariant mass distributions, respectively. The predicted Dalitz plots of D+ → pi+pi0η also manifest
the significant signals for a0(980)
+ and a0(980)
0 states. The uncertainties of the results due to the
free parameters are also discussed. Our study shows that the process D+ → pi+pi0η can be used to
explore the nature of the scalar a0(980), thus we encourage the experimental physicists to measure
this reaction with more precision.
PACS numbers:
I. INTRODUCTION
The studies of the charmed hadron decays are crucial
to explore the strong and weak interaction effects, and
to search for the CP violation [1–7]. Recently, the BE-
SIII Collaboration has measured the absolute branching
fraction of the D+ → π+π0η decay of (2.23 ± 0.15 ±
0.10)×10−3 [8], with much more precision than the prior
measurement (1.38 ± 0.31 ± 0.16) × 10−3 of the CLEO
Collaboration [9], and no evidence of CP violation is
found. Although there is no significant ρ+ and scalar
a0(980)
0,+ in the Dalitz plot of the D+ → π+π0η decay,
the BESIII Collaboration has pointed out that the phase-
space Monte Carlo distributions do not agree well with
the data distributions due to some possible resonances,
and mentioned that the amplitude analyses of this decay
in the near future with large data sample at BESIII and
Belle II will offer the opportunity to explore the decays
of D+ → a0(980)π [8].
It should be stressed that the signal of the a0(980) was
found in many processes. For instance, Ref. [10] has stud-
ied the decay D0 → K0sa0(980), and found a clear signal
of the a0(980) in the π
0η invariant mass distribution. In
addition, there are significant peaks of the a0(980)
0 and
a0(980)
+ in the π0η and π+η invariant mass distributions
of the process D+s → π+π0η, as discussed in Ref. [11].
Because the process D+ → a0(980)π can proceed in S-
wave, and the scalar a0(980) has a large coupling to the
πη channel, we expect that there should be a sizeable sig-
nal of the a0(980) resonance if the large data sample are
taken in near future. Another example is that the analy-
sis of the reaction Λb → J/ψpπ shows the existence of the
hidden-charm pentaquark [12], which is confirmed by the
full amplitude analysis of the LHCb Collaboration [13].
On the other hand, the nature of the low-lying light
∗Electronic address: wangen@zzu.edu.cn
†Electronic address: lidm@zzu.edu.cn
scalar resonances are still problematic, and crucial for us
to understand the spectrum of the scalar mesons [14], and
there are many explanations about their nature, such as
tetraquark, molecular states, and so on [see the review
‘Scalar mesons below 2 GeV’ of Particle Data Group
(PDG) [15]]. The chiral unitary approach, which pro-
vides the amplitudes of the pseudoscalar-pseudoscalar
interactions, has been tested successfully in many reac-
tions where the scalar mesons are generated dynamically.
For the chiral unitary approach with the coupled chan-
nels, the potentials of the Bethe-Salpeter (BS) equation
are taken from the chiral Lagrangians [16, 17], and the
scattering amplitudes are obtained by solving the Bethe-
Salpeter equation in all possible coupled channels that
couple within SU(3) to certain given quantum numbers.
Within the chiral unitary approach, the productions of
the scalar f0(500), f0(980), and a0(980) have been stud-
ied in the decays of the D0 [10], D+s [11], B¯ and B¯s [18–
21], χc1 [22], τ
− [23], J/ψ [24], ηc [25], and Λc [26].
Up to our knowledge, there is no theoretical analyses
on the process D+ → π+π0η, so it is interesting to in-
vestigate the role of the a0(980) in this process. In this
work, we will perform the study of the single Cabibbo
suppressed process D+ → π+π0η taking into account the
final state interactions of the meson-meson interaction in
coupled channels with the chiral unitary approach.
This paper is organized as follows. In Sec. II, we will
present the mechanism for the reaction of D+ → π+π0η,
and in Sec. III, we will show our results and discussions,
followed by a short summary in the last section.
II. FORMALISM
In analogy to Refs. [10, 11], the mechanism of the
Cabibbo suppressed process D+ → π+π0η includes three
steps, weak decay, hadronization, and the final state in-
teractions. The weak decay of the D+ can happen by
means of W+ internal emission, where the c quark de-
cays into a W+ boson and a d quark, and then W+ goes
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FIG. 1: Diagrammatic representation of the D+ decay. (a)
The internal emission of D+ → pi+dd¯ and hadronization of
the dd¯ through q¯q with vacuum quantum numbers. (b) The
internal emission of D+ → pi0ud¯ and hadronization of the ud¯
through q¯q with vacuum quantum numbers. (c) The external
emission of D+ → pi+dd¯ and hadronization of the dd¯ through
q¯q with vacuum quantum numbers. (d)The external emission
of D+ → K+sd¯ and hadronization of the sd¯ through q¯q with
vacuum quantum numbers.
to d¯ and u quarks. In order to produce the final hadrons,
the dd¯ or ud¯ pair need to hadronize to a pair of pseu-
doscalar mesons with the qq¯ (= u¯u + d¯d+ s¯s) produced
from the vacuum as depicted in Fig. 1(a) or Fig. 1(b),
and we have,
∑
i
d(q¯iqi)d¯ =
∑
i
M2iMi2 = (M
2)22, (1)
∑
i
u(q¯iqi)d¯ =
∑
i
M1iMi2 = (M
2)12, (2)
for Figs. 1(a) and 1(b), respectively, where M is the ma-
trix in terms of the pseudoscalar mesons.
M =


pi0√
2
+ η√
3
+ η
′
√
6
π+ K+
π− − pi0√
2
+ η√
3
+ η
′
√
6
K0
K− K¯0 − η√
3
+ 2η
′
√
6

 .
(3)
Since the η′ has a large mass and does not play a role
in the generation of the a0(980) [27], we ignore the η
′
component in this work. and Eqs. (1) and (2) can be
re-written as,
(M2)22 = π
+π− +
1
2
π0π0 −
√
2
3
π0η +
1
3
ηη +K0K¯0,
(4)
(M2)12 =
2√
3
π+η +K+K¯0. (5)
Becasue the channels π+π−, π0π0, and ηη of Eq. (4) do
not couple to the system of isospin I = 1, they have no
contribution in the a0(980) production, thus we have the
final states after the hadronization as follows,
H(a) = V (a)VcdVud
(
−
√
2
3
π0η +K0K¯0
)
π+, (6)
H(b) = V (b)VcdVud
(
2√
3
π+η +K+K¯0
)(
− 1√
2
π0
)
= V (b)VcdVud
(
−
√
2
3
π+η − 1√
2
K+K¯0
)
π0, (7)
where the factor − 1√
2
of π0 in Eq. (7) is due to the
flavor component of the π0 = 1√
2
(
uu¯− dd¯). The ele-
ments of the CKM matrix are Vcd = Vus = −0.22534 and
Vud = Vcs = 0.97427 [15]. The V
(a) and V (b) are the fac-
tors of the production vertices of Figs. 1(a) and Fig. 1(b)
containing all the dynamics, and these two factors should
be similar because the weak processes of Figs. 1(a) and
1(b) are the same before hadronizations.
In addition, the mechanisms of the W+ external emis-
sion shown in Figs. 1(c) and 1(d) also contribute to
the process D+ → π+π0η. The hadronization step of
Fig. 1(c) is the same as the one of Fig. 1(a), but with
an extra color factor C accounting for the relative weight
of the external emission mechanism with respect to the
internal emission mechanism. Because the ud¯ or us¯ pair
from the W+ decay in the external emission [Figs. 1(c)
and 1(d)] is constrained to form the color singlet π+
and K+ within three choices of colors, while the u and
d¯ quarks from the W+ decay in the internal emission
[Figs. 1(a) and 1(b)] have the fixed colors, the factor C
should be around 3 [28–30]. Thus, we have the possible
3final states for Fig. 1(c),
H(c) = C × V (a)VcdVud
(
−
√
2
3
π+π0η +K0K¯0π+
)
.
(8)
The weak process of Fig. 1(d) is the same as the one of
Fig. 1(c) except for the elements of CKM matrix, thus
we have,
H(d) = C × V (a)VcsVus
(
M2
)
32
K+
= C × V (a)VcsVus
(
K+K−π+ − 1√
2
K+K¯0π0
)
.
(9)
Now, we sum the contributions from Figs. 1(a), 1(b),
1(c), and 1(d),
H = H(a) +H(b) +H(c) +H(d)
= V (a)
[
−
√
2
3
(1 + C +R)π+π0η + (1 + C)K0K¯0π+
+C ×K+K−π+ − 1√
2
(C +R)K+K¯0π0
]
, (10)
where the elements of the CKM matrix have been ab-
sorbed in the normalization factor V (a), and the R =
V (b)/V (a) stands for the relative weight of Fig. 1(b) with
respect to Fig. 1(a). Since the mechanisms of weak pro-
cess of Fig. 1(a) and Fig. 1(b) are the same, we expect
the R = V (b)/V (a) to be around 1, and will calculate the
results with different values of R.
The full amplitude for the decay D+ → π+π0η can be
easily obtained as follows,
M = V (a) [hpi0pi+η + hpi0pi+ηGpi0η(Mpi0η)tpi0η→pi0η(Mpi0η)
+hK0K¯0pi+GK0K¯0(Mpi0η)tK0K¯0→pi0η(Mpi0η)
+hK+K−pi+GK+K−(Mpi0η)tK+K−→pi0η(Mpi0η)
]
+V (a)
[
hpi0pi+ηGpi+η(Mpi+η)tpi+η→pi+η(Mpi+η)
+ hK+K¯0pi0GK+K¯0(Mpi+η)tK+K¯0→pi+η(Mpi+η)
]
,(11)
with hpi0pi+η = −
√
2
3 (1 + C + R), hK0K¯0pi+ = 1 + C,
hK+K−pi+ = C, and hK+K¯0pi0 = − 1√2 (C + R), as taken
from Eq. (10). Gi is the loop function, and the transi-
tion amplitudes ti→j are obtained in the Chiral unitary
approach by solving the Bethe-Salepter equation,
T = [1− V G]−1V, (12)
where V is a 2 × 2 matrix with the transition poten-
tial between the isospin channels KK¯ and πη. With the
isospin multiplets K = (K+,K0), K¯ = (K¯0,−K−), and
π = (−π+, π0, π−), the 2 × 2 matrix V can be easily
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FIG. 2: The mechanisms of the D+ → pi+pi0η. (a) tree dia-
gram, (b) the final state interaction of pi+η, K+K¯0 and (c)
the final state interaction of pi0η, K0K¯0, and K+K−.
obtained as follows [10],
VKK¯→KK¯ = −
1
4f2
s, (13)
VKK¯→piη =
√
6
12f2
(
3s− 8
3
m2K −
1
3
m2pi −m2η
)
, (14)
Vpiη→piη = − 1
3f2
m2pi, (15)
and the transition amplitudes ti→j between charged cou-
pled channels can be related to the ones between coupled
channels with isospin base,
tK+K−→pi0η = −
1√
2
tI=1
KK¯→piη, (16)
tK0K¯0→pi0η =
1√
2
tI=1
KK¯→piη, (17)
tK+K¯0→pi+η = −tI=1KK¯→piη. (18)
.
The loop function Gi of Eqs. (11) and (12) is given by
Gi = i
∫
d4q
(2π)4
1
(q − P )2 −m22 + iǫ
1
q2 −m21 + iǫ
, (19)
where m1 and m2 are the masses of the two mesons in-
volved in the loop of the ith channel, and P is the four-
4momentum of the two mesons. The function Gi is log-
arithmically divergent, there are two methods to solve
this singular integral, either using the three-momentum
cut-off method [10, 11, 27], or the dimensional regular-
ization method [31, 33–37]. The choice of a particular
regularization scheme does not, of course, affect our ar-
gumentation [31, 32]. In this work, we use the dimen-
sional regularization method, and the function Gi can be
re-expressed as,
Gi =
1
16π2
{
a(µ) + ln
m21
µ2
+
m22 −m21 + s
2s
ln
m22
m21
+
p√
s
[
ln(s− (m22 −m21) + 2p
√
s)
+ ln(s+ (m22 −m21) + 2p
√
s)
− ln(−s+ (m22 −m21) + 2p
√
s)
− ln(−s− (m22 −m21) + 2p
√
s)
]}
(20)
with
p =
√
(s− (m1 +m2)2)(s− (m1 −m2)2)
2
√
s
, (21)
where µ is the scale of dimensional regularization. Fol-
lowing Eq.(17) in Ref. [38], we take µ = 600 MeV,
a(µ)piη = −1.71, and a(µ)KK¯ = −1.66.
With the relationship of Eqs. (16-18), the full ampli-
tude of Eq. (11) can be re-written as,
M = V (a) [hpi0pi+η + hpi0pi+ηGpi0η(Mpi0η)tI=1piη→piη(Mpi0η)
+
hK0K¯0pi+√
2
GK0K¯0(Mpi0η)t
I=1
KK¯→piη(Mpi0η)
−hK+K−pi+√
2
GK+K−(Mpi0η)t
I=1
KK¯→piη(Mpi0η)
]
+V (a)
[
hpi0pi+ηGpi+η(Mpi+η)t
I=1
piη→piη(Mpi+η)
− hK+K¯0pi0GK+K¯0(Mpi+η)tI=1KK¯→piη(Mpi+η)
]
. (22)
Since the amplitude of Eq. (22) depends on two inde-
pendent invariant masses Mpi0η and Mpi+η, the double
differential width for the process D+ → π+π0η is,
d2Γ
dMpi0ηdMpi+η
=
1
(2π)3
Mpi0ηMpi+η
8m3
D+
|M|2. (23)
We can obtain dΓ/dMpi0η and dΓ/dMpi+η, by integrating
Eq. (23) over each of the invariant mass variables with
relations as follows,
(M2pi0η)max = (E
∗
pi0 + E
∗
η)
2 −
(√
E∗2
pi0
−m2
pi0
−
√
E∗2η −m2η
)2
,
(M2pi0η)min = (E
∗
pi0 + E
∗
η)
2 −
(√
E∗2
pi0
−m2
pi0
+
√
E∗2η −m2η
)2
,
(24)
here E∗pi0 and E
∗
η are the energies of π
0 and η in the π+η
rest frame, respectively,
E∗pi0 =
m2
D+
−M2
pi+η
−m2
pi0
2Mpi+η
,
E∗η =
M2
pi+η
−m2
pi+
+m2η
2Mpi+η
. (25)
The π0η invariant mass distribution can be obtained by
interchanging the π0 and π+ in Eqs. (24) and (25).
As we known, the three-body decays of charm mesons
often proceed as quasi-two-body decays with intermedi-
ate states, and the D+ may decay into an η meson and an
intermediate resonance ρ+, following by ρ+ → π+π0. Be-
cause the broad ρ+ resonance provides the background
contributions for the π+η and π0η invariant mass dis-
tributions, we do the calculations by taking an energy
restriction of Mpi+pi0 > 1 GeV in order to eliminate the
possible contribution from the intermediate ρ+, as done
for the process Ds → π+π0η in Refs. [11, 39].
III. RESULTS AND DISCUSSIONS
In this section, we will present our results with above
formalisms. In our model, we have three free parame-
ters, 1) the normalization factor V (a) of Eq. (22), 2) the
color factor C, and 3) the R = V (b)/V (a). Since the
process D+ → π+π0η has been measured by the BESIII
and CLEO Collaborations [8, 9], which implies that the
invariant mass distributions of this process are able to
be measured experimentally, thus we will take V (a) = 1,
and give our calculations up to an arbitrary normaliza-
tion. As we discussed above, the color factor C should
be around 3, we will take C = 3, and later will show the
results by varying the value of C. Because the parameter
R = V (b)/V (a) is expected to be around 1, we take R = 1
at the first step, and then discuss the influence from the
different value of R. The masses of the mesons involved
in this work are taken from PDG [15].
In Fig. 3, we show the π+η and π0η invariant mass dis-
tributions. The curves labeled as the ‘tree’, ’a0(980)
+’,
and ‘a0(980)
0’ correspond to the contributions from the
tree diagram [Fig. 2(a)], the final state interaction of
π+η [Fig. 2(b)], and the final state interaction of π0η
[Fig. 2(c)], respectively. The curves labeled as ‘Total’
show the results from the total contributions of Eq. (22)
with an energy restriction of Mpi+pi0 > 1 GeV [11, 39].
One can see a significant peak around Mpi+η = 980 MeV
in the π+η invariant mass distribution and a significant
peak aroundMpi0η = 980 MeV in the π
0η invariant mass
distribution, which can be associated to the a0(980)
+ and
a0(980)
0 resonances, respectively. In addition, we also
present the results from the total contributions without
the energy cut on invariant mass Mpi+pi0 , labeled as ‘No
restriction’ curves in Fig. 3. By comparing the curves
of ‘Total’ with the ones of ‘No restriction’, one can eas-
ily found that the ρ+ maily contributes to the regions of
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FIG. 3: The pi+η (a) and pi0η (b) mass distributions for
the process D+ → pi+pi0η. The curves labeled as the ‘tree’,
’a0(980)
+’, and ‘a0(980)
0’ correspond to the contributions
from the tree diagram [Fig. 2(a)], the final state interactions
of pi+η [Fig. 2(b)], and the final state interactions of pi0η
[Fig. 2(c)], respectively. The curves labeled as‘Total’ show
the results from the total contributions of Eq. (22) with an
energy cut Mpi+pi0 > 1 GeV, and the ‘No restriction’ curves
stand for the results from the total contributions without the
energy cut on invariant mass Mpi+pi0 .
Mpi+η > 1 GeV and Mpi0η > 1 GeV, and does not affect
the peak positions of the a0(980)
+ and a0(980)
0. We also
present the Dalitz plots of ‘Mpi0η’ vs ‘Mpi+pi0 ’ and ‘Mpi0η’
vs ‘Mpi+η’ for the process D
+ → π+π0η in Figs. 4(a) and
4(b), which can be used to check our model in future.
As mentioned above, the color factor C should be
around 3, since we taken Nc = 3 here. Indeed, the Nc
scaling only indicates the relative strength of the abso-
lute values, and the relative sign is not fixed [29]. We
show the π+η and π0η mass distributions for the process
D+ → π+π0η with different values of C = 3, 2,−2,−3 in
Fig. 5, and find that the peaks of a0(980)
+ and a0(980)
0
are very clear for the positive values of C, and become
weaker for the negative values of C. It should be pointed
out that the positive value of C is supported by the anal-
yses of the process Λc → pπ+π− measured by the BESIII
Collaboration [26] and the process B+ → J/ψωK+ mea-
sured by the LHCb Collaboration [30].
In Fig. 6, we also show the π+η and π0η mass distribu-
(a)
 0.5  1  1.5  2  2.5  3
M2pi+η (GeV2)
 0.5
 1
 1.5
 2
 2.5
 3
M
2 pi0
η 
(G
eV
2 )
 0
 1
 2
 3
 4
(b)
 0  0.4  0.8  1.2  1.6
M2pi+pi0 (GeV2)
 0.5
 1
 1.5
 2
 2.5
 3
M
2 pi0
η 
(G
eV
2 )
 0
 1
 2
 3
 4
 5
FIG. 4: The Dalitz plots of ‘Mpi0η’ vs ‘Mpi+pi0 ’ (a) and ‘Mpi0η’
vs ‘Mpi+η’ (b) for the process D
+
→ pi+pi0η.
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FIG. 5: The pi+η (a) and pi0η (b) mass distributions for the
process D+ → pi+pi0η for different values of color factor C.
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FIG. 6: The pi+η (a) and pi0η (b) mass distributions for the
process D+ → pi+pi0η for different values of R.
tions for the process D+ → π+π0η with different values
of R = 1.5, 1.0, 0.5. Although the strength in both π+η
and π0η mass distributions become a little weaker for a
smaller R, while the peaks of a0(980)
+ and a0(980)
0 are
still very clear, which implies that signals of a0(980)
+
and a0(980)
0 do not depend on the relative weight R too
much.
IV. CONCLUSIONS
In this work, we have investigated the single Cabibbo
suppressed process D+ → π+π0η, by taking into ac-
count the pseudoscalar-pesudoscalar interaction in S-
wave within the chiral unitary approach, where the scalar
a0(980) can be dynamically generated. By including the
mechanisms of the W+ internal and external emissions,
we have calculated the π+η and π0η mass distributions,
and found the clear peaks of a0(980)
+ and a0(980)
0. The
Dalitz plots of ‘Mpi0η’ vs ‘Mpi+pi0 ’ and ‘Mpi0η’ vs ‘Mpi+η’
are also predicted, and can be used to check our model
in future.
We have also presented the π+η and π0η mass distri-
butions for different values of the free parameters, the
color factor C and the relative weight R. One can find
our results do not depend on the values of R in the range
0.5 < R < 1.5 too much. Both the peaks of a0(980)
+
and a0(980)
0 are much clear for the positive values of C,
and become weaker for the negative values of C.
In summary, our study indicates that the single
Cabibbo suppressed process D+ → π+π0η is suitable to
explore the nature of scalar a0(980), and we encourage
the experimental physicists to measure this reaction with
more precision.
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